We have identified a simple tandem repeat DNA polymorphism in the human glycogen synthase gene of the form (TG) n . This DNA polymorphism has 10 alleles and a heterozygosity of 0.82 and can be easily typed using the polymerase chain reaction. It has been localized within the framework genetic map of chromosome 19 and is located in the region of the apolipoprotein C-ll and histidine-rich calcium-binding protein genes. This DNA polymorphism will facilitate genetic studies of the role of the glycogen synthase gene in the development of insulin resistance and NIDDM. Diabetes 42:930-32, 1993
tify a subgroup of patients characterized by a strong family history of NIDDM, the presence of hypertension, and marked insulin resistance. As a first step in studying the role of GSY in the genetics of NIDDM, we determined its chromosomal location (3) . FISH to metaphase chromosomes using a cosmid probe containing part of GSY localized this gene to chromosome 19 band q13.3. The cosmid clone used for FISH was screened for the presence of STRPs, and none was identified. Therefore, we isolated additional clones encoding GSY and in one of these we identified an STRP of the form (TG) n . We have used this STRP to localize GSY by linkage methods within the framework genetic map of chromosome 19.
RESEARCH DESIGN AND METHODS
Standard methods were conducted as described previously (4). DNA sequencing was conducted by the dideoxynucleotide chain-termination procedure after subcloning DNA fragments into M13mp18. The sequence was confirmed on both strands. Isolation of GSY. A human male Caucasian placenta genomic library in XFIX™It (Stratagene, La Jolla, CA; catalogue number-946203) was screened by hybridization with a 3.0-kb EcoRI-Xba I fragment of the human muscle glycogen synthase cDNA clone pGS32 spanning nucleotides 221-3260 (5). The hybridization was conducted in a solution of 5 x SSC, 50% formamide, 2 x Denhardt's solution, 100 |xg/ml sonicated and denatured salmon testes DNA, 20 mM sodium phosphate buffer, pH 6.5, 10% dextran sulfate and 1 x 10 6 cpm/ml of nick-translated probe at 42°C for 16 h. The filters were washed in 0.1 x SSC and 0.1% SDS at 45°C for 30 min before exposure to X-ray film. Four clones, \hGS-1 to -4 , were isolated.
Identification and characterization of an STRP in GSY.
One microgram of DNA from the four GSY genomic clones was digested with Sau3A\ and after separation by agarose gel electrophoresis, blotted onto a nitrocellulose filter and hybridized with 32 P-labeled poly (dA-dC)-poly N. VIONNETAND G.I. BELL (dG-dT) (Pharmacia LKB Biotechnology, Piscataway, NJ) as described previously (6) . An ~0.15-kb fragment of XhGS-4 showed a strong hybridization signal. This fragment was cloned into the SamHI site of M13mp18 and sequenced. Two oligonucleotides (GS-CA1, 5'-AGC TAATTTTTGTATCTGTG-3' and GS-CA2, 5'-CCTGGGC ATCAGAGCAAGAC-3') flanking the TG repeat in GSY were used to amplify an 86-bp fragment. DNA was first digested with EcoRI and then ethanol precipitated before use in the PCR; this step was necessary to obtain reproducible amplification of this STRP because it was located between two Alu-repetitive sequences, and it was not possible to select primer sequences that did not include at least part of each of these two Alu repeats. The PCR was conducted in a volume of 25 uJ and included 100 ng of DNA, 10 pmol of 32 P-labeled GS-CA1 (1 pmol 32 P labeled and 9 pmol unlabeled), and 1 pmol of unlabeled GS-CA2 (ratio of GS-CA1:GS-CA2 = 10:1). PCR conditions were initial denaturation at 94°C for 5 min followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1 min and extension at 72°C for 1 min, and a final extension step of 10 min. The PCR products were separated on an 8% polyacrylamide sequencing gel and visualized by autoradiography. Linkage mapping of the GSY STRP in the CEPH data base. Ten families from the CEPH data base (families, 1331, 1333, 1377, 1341, 1362, 1408, 1424, 1444, 1423, and 1463) were genotyped at GSY, APOC2 (7), and HRC (8) . Two-point and multipoint linkage analyses between these markers and other chromosome 19 markers (CEPH data base, version 6) were performed using CLODSCORE and CILINK programs of the LINKAGE package (9) . 
RESULTS

Identification and characterization of an STRP in GSY.
The four human GSY genomic clones were screened for the presence of STRPs by hybridization with 32 P-labeled poly (dA-dC)-poly (dG-dT). One such sequence of the form (TG) 20 was found in XhGS-4 ( Fig. 1/A) . This repeat was flanked by Alu-dispersed middle repetitive sequences, and the PCR primers selected to amplify this sequence both included parts of Alu sequences. For this reason, we have found it important to first digest the DNA samples with a restriction endonuclease (we selected EcoRI because of its low cost) as well as to adjust the ratios of the two primers as indicated in RESEARCH DESIGN
AND METHODS.
The STRP in GSY was highly polymorphic, and 10 alleles were noted on typing 50 unrelated Caucasian subjects (Fig. 1B, Table 1 ). The observed heterozygosity, i.e., fraction of unrelated individuals in whom both alleles could be distinguished, of this STRP was 0.82. The GSY STRP showed codominant inheritance in 10 CEPH families. Localization of GSY in the framework linkage map of chromosome 19. Two-point linkage analyses conducted between the GSY STRP and other chromosome 19 markers in the CEPH data base showed significant evidence of linkage (i.e., an lod score of >3) with numerous markers on the long arm of chromosome 19 (Table 2) , thereby confirming the localization of GSY to this chromosome. No recombinants were noted between GSY and pEWRB1-1 (D19S50) with a lod score (2) of 18.05 at a recombination fraction (8) of 0.00. GSY also showed significant evidence of linkage with APOC2 (Z= 21.18 at 9 = 0.08), HRC (Z= 24.71 at 6 = 0.01), Mfd9 (D19S47) (Z= 10.68 at 6 = 0.11) and the protein kinase C 7-polypeptide gene (PRKCG, Z = 3 . 8 at 9 = 0.20). The most likely order of these markers is D19S47-APOC2-(GSY, D19S50, HRC)-PRKCG with odds of 120:1 relative to the next best order.
DISCUSSION
Glycogen synthase is a candidate gene for contributing to the pathogenesis of insulin resistance. Cloning and sequencing of glycogen synthase cDNA clones from human skeletal muscle (5) makes it possible to scan for mutations in the protein coding sequence of this gene using the techniques of PCR in combination with singlestrand conformation polymorphism or one of the other techniques that have been described (10) . One study reported the scanning of glycogen synthase mRNA for mutations in eight NIDDM patients who underwent muscle biopsies, and no mutations were noted (11) . However, molecular scanning procedures are not suitable for large-scale population and family studies. In this regard, linkage studies can be very helpful in identifying those families in which there may be a mutation in GSY. The STRP that we have identified will facilitate genetic studies of the contribution of GSY to the development of insulin resistance and NIDDM.
